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1. FINAL SUMMARY

The most significant aspects on a task by task basis: project objectives, results obtained and
their usefulness, conclusions and possible applications and patents.

1.1. WORKPACKAGE 1: DETERMINATION OF REQUIREMENTS AND
SPECIFICATIONS OF NEW RESCUE EQUIPMENT

Work within WP1 was focused on determination of technical assumptions for all planned rescue
devices, such as lightweight rescue conveyor, rescue support and air conditioner, as well as for
MK3 m-Comm communication system and climate measuring device (CMD).

1.1.1. Results obtained of Task 1.1: Determination of assumptions for
prototype and experimental rescue equipment (CSRG, AITEMIN, ICOP,
KOMAG, Geocontrol)

Due to experience of CSRG in the field of mine rescue, it was possible to develop initial
assumptions and guidelines for rescue equipment. CSRG in cooperation with KOMAG defined the
parameters and requirements for the rescue conveyer, rescue support and air conditioner.

Conveyor with its shuttle platform, rescue tunnel support and air conditioner were initially modelled
in 3D technology. Obtained 3D models were used for FEM and MBS verifying virtual calculations.
FEM calculations enabled to indicate weak points in each design and to make corrections, in a
result of what the final design versions of sub-systems of each device were obtained. Specialists
from KOMAG developed special, effective technology for extension of the conveyor by 3 mi.e. by 3
troughs for every step of extension, during development of rescue tunnel with use of shuttle
platform to transport indispensable equipment - support legs, canopies, troughs and chain.

Technology for mining the compact rocks through destroying the rock mass cohesion, used among
others in development of rescue tunnels, was considered in task. The simple, effective technology
for mining the rocks of uniaxial compression strength exceeding 100 MPa and of relatively low
energy consumption, is the aim of suggested method.

It was agreed that the micro-tunnelling device should be made according to the displacement
strategies used by traditional Tunnel Boring Machines (TBM), which advances by means of
hydraulic jacks pushing against fixed elements (such as support frames) on the surface of the
tunnel, driving the whole machine forward.

Conclusions: Technical assumptions for each device were developed, what is reflected in D1.1.
Despite resignation of manufacture of hydro-cutting device within the project the assumptions for
this device remain valid for the targeted device.

1.1.2. Results obtained of Task 1.2: Initial 3D modelling of equipment (KOMAG,
Geocontrol)

According to the assumptions developed in T1.1, modelling the equipment in Inventor software
programme was prepared. Virtual, versatile verification of the equipment design was the modelling
objective. Models useful for development of technical documentations were the result of modelling.
However, before it happens, responsible structural components and nodes were verified by the FEM
method. Models of each conveyor subassembly enable carrying out FEM analyses, virtual assembly
of conveyor components, simulation of shuttle platform travel and relative movement of the route
components. Geocontrol made FEM analyses of the conveyor trough. The developed models were
also used for creation of virtual simulations in close collaboration between Geocontrol and KOMAG.
Created models of devices were delivered to GEOCONTROL and they verified these devices through
virtual visualizations of rescue action.

Technical parameters of electric motor, compressor, heat exchangers, and expansion valves
designed for air conditioner were determined.

Conclusions:

The models were accepted by the specialists from CSRG.

FEM analyses confirmed the correctness of models designs.

The models were accepted for further work within WP 2.

The model of shuttle platform requires emergency device, which would help to stop the
platform by the travelling rescuer at any place on the track.

Work was realized within WP 2 T2.1 “"Design studies of equipment prototype”.

«  The models were useful for virtual simulation of rescue action.

The conclusions are completed within deliverable D1.2.
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1.1.3. Results obtained of Task 1.3: Specifications for data transfer system
protocols and interfaces (GAUK, CSRG)

CSRG determined the minimal requirements to be fulfilled by the system of rescue communication
on the basis of requirements imposed by the relevant regulations. Task 1.3 enabled establishing
the outline of a data protocol that would be capable of transmitting gathered information from
external transponders and portable equipment/meters. The development and design parameters of
the m-Comm data link depended on the selection and specification of suitable sensors and data
from portable monitoring equipment.

GAUK specified the parameters and assumptions for the necessary modifications of the m-Comm
system to enable data transfer whilst maintaining a high level of integrity for voice communication.
This included determining the transmission rates and protocols for the wireless module, hub unit
and base units interface circuits.

Conclusions:

The calculations and successful optimization of the data format and the data package size for silent
transmission via the audio link were completed. Deliverable D1.4 relates to Task T1.3,
specifications for data transfer system protocols and interfaces, and were completed.

1.1.4. Results obtained of Task 1.4: Specification of measurements of
biometric and mine atmosphere parameters (GAUK, DMT, CSRG,
Geocontrol)

The partners worked together to determine the candidate sensors for data monitoring relating to
biometric monitoring and environmental monitoring. CSRG listed their requirements (and
specification) for environmental gasses, temperature and humidity sensors, and included a
specification for the rescue communications system. It was originally envisaged that the biometric
monitoring would incorporate core body temperature, skin temperature and/or pulse rate.
However, review of the current technologies at this time indicated that there were factors affecting
the practicality and accuracy of these methods. It was therefore concluded that heat stress
monitoring is the most practical method; this is based on ‘look up’ tables indicating safe working
times for varying temperature, humidity and air velocity conditions. This lead to the decision taken
by DMT to develop their own device to measure these parameters (CMD). CSRG assisted with
respect to gas monitoring and it became apparent that GAUK had to allow data inputs to be a
mixture of analogue and digital. Although the project setup allowed

for development of a specific biometric monitoring device, there was not the same remit regarding
gas monitoring hence the m-Comm modifications needing to be adaptable methods potentially
chosen in a working model specifically built to satisfy client needs. Specifications were made for
recording levels of temperature, humidity, air flow, oxygen, carbon monoxide, carbon dioxide and
methane.

Conclusions: The collaborative agreement on biometric and atmospheric measurement reached a
consensus that had the endorsement of all the mines rescue organizations consulted. Deliverable
D1.3 concludes Task 1.4.

1.1.5. Results obtained of Task 1.5: Preliminary work bench for hydro-cutting
technologies (ICOP, AITEMIN, KOMAG, GEOCONTROL, CSRG)

The activity of ICOP and AITEMIN focused on the analysis of technological possibilities related to
micro-tunnelling via hydro-cutting. Conceptual design activities for the workbench for testing
water jet assisted rock cutting were carried out at the end of the period. They consisted mainly in
the preparation of the executive design of the workbench, and included the scoping of suitable
equipment for implementing it in that design.

After considering the two approaches by ICOP, (based on lathe machine and milling machine) it
was decided that the test bench would be based on the lathe concept. As its main objective was
testing the efficiency of the hydro-cutting technology on different types of rocks, the nozzles did
not need to be rotating. Instead, a rotating base holding a rock block simulated the motion of the
cutters relative to the rock. The water jet nozzles were fixed on the side of the cutters, simplifying
the construction and operation of the test bench. A rotating high-pressure water distribution
system was implemented in the demonstrator device. The final concept of the test bench was
completed.
ICOP and AITEMIN, in consultations with GSRG and KOMAG, indicated that pure hydro-cutting will
not be effective enough for the purpose of rescue actions. ICOP focused on analyses of mechanical
cutting assisted by stream of water jet. Cutting of hard rock by a free-rolling cutter assisted by
water jets showed significant reduction in the forces required to be applied to the cutter for given
penetration increments. Pressures ranging from 5 to 40 MPa resulted in reductions in the forces
acting on the cutter. The reduction in thrust force was found to be dependent on jet pressure: the
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greater the pressure, the greater is the reduction of force. The most effective jet configuration for
the reduction of cutter forces was found to be four coherent water jets, two positioned on each side
of the cutter and directed at the arc of contact between the cutting edge and the rock. Jets
impinging in the path of the cutter ahead of the rock-cutter interface also improve cutting
performance by reducing the rolling force requirement, thus improving the mechanical cutting
efficiency of the cutter.

To estimate the requirements for the high-pressure water jet system, and the results that could be
expected, water-rock interaction was simulated by FEM software.

Conclusions:

Several methods of using the of water jets in different situations were reviewed in the literature to
explore A detailed study on the addition of water jets to the cutting tools has shown a reduction of
the required cutting force, either by weakening the rock or by improving the cutting conditions.
Moreover, addition of water jets leads to an increase in tool life, to a reduction of machine vibration
and of levels of generated dust together with a reduction of incendiary ignitions. T1.6 was
completed.

1.2. WORKPACKAGE 2: DEVELOPMENT OF TECHNICAL DOCUMENTATION FOR
RESCUE EQUIPMENT PROTOTYPES

1.2.1. Results obtained of task 2.1: Design studies of equipment (KOMAG,
CSRG, AITEMIN, ICOP)

Komag developed 3D models of rescue conveyor with its shuttle platform, rescue support and air conditioner.
Regarding air conditioner thermal and thermodynamic calculations to specify the parameters of conversion of
cooling agent in the system: cooling unit — air cooler, were made. Heat exchange in the cooler was calculated,
what enabled to determine the size of pipes in the cooler. In a result of T1.5, activity of AITEMIN was focused on
a development of a concept design, flexible enough to be adapted for control of almost any final design of the
tunnelling machine. One major constraint was the need to develop ATEX-certifiable control system, which
imposed the use of ATEX-certified (or at least ATEX-certifiable) components.

Conclusions:

The design of the conveyor, rescue support and air-conditioner, demonstrator and experimental device by CSRG
was verified. D2.1 and D2.2 was completed. AITEMIN analyzed the requirements for control system of
microtunnelling machine, similar to uTBM and developed a suitable concept design of control panel.

1.2.2. Results obtained of task 2.2: Development of documentation of the
rescue equipment (KOMAG, CSRG, AITEMIN, ICOP)

Design work on experimental device for rock fragmentation was continued on the basis of the
results of tests that were carried out in Krélowa Luiza mine in Zabrze. Proper depth of bolting was
calculated. In the testing conditions, the best advantage was obtained at bolting depth of about
190 mm. KOMAG developed the technical documentation No. W20.270 of rescue conveyor.
According to the assumptions, at first three conveyor troughs were manufactured according to a
given design solution, so that the rescuers could test them and make comments. In the result of
comments, some corrections were made in the documentation. Technical documentation No.
W37.011 of HOR-01 hydraulic rescue support was developed by KOMAG according to the
requirements and technical assumptions for newly designed rescue equipment developed in WP1.
The documentations was made in CAD software programme.

ICOP developed the design of demonstrator equipped with double cutters. Double cutters are
installed slidably in a special frame, so it is possible to change the radius of disks rotation on mined
rock. The nozzles are directed to the point just ahead of contact between bit and rock.

AITEMIN has prepared updated documents on different devices selected for integration of pTBM
control system.

Conclusions:
KOMAG finished the technical documentations of rescue equipment and advanced work on
experimental device for rock fragmentation.

ICOP prepared the design of demonstrator and also the concept of hydro-cutting rescue machine to
enable AITEMIN preparation of control system as it was planned within the project. Comprehensive
analysis of cutting process as well as testing the different intensity of water jet streams used in
rock cutting were done. Deliverable 2.4 was completed.

1.2.3. Results obtained of task 2.3: Virtual simulations of rescue action with
use of models of rescue equipment (Geocontrol, KOMAG, AITEMIN)

Geocontrol focused on the development of virtual simulations of rescue action with models of
rescue equipment prepared by KOMAG to present in an easy way the steps that have to be
followed during the rescue action, with use of the rescue equipment. In the final version that has
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been carried out, miners represented in the simulation have been animated with motion capture
technology, and the main movements in the scene action was achieved.

Conclusions:

The work developed in T.2.3, enable showing in a didactic form the processes of preparation of
rescue devices by the final users. 3D modelling of rescue action adds realism to the displayed
visualization, which results in its better understanding the process by the rescuers, who will use the
equipment. All work has been developed and presented in D2.3.

1.2.4. Results obtained of task 2.4: Results and assessment of the workbench
for hydro-cutting prototype (AITEMIN, ICOP)

ICOP focused on performing the FEM analysis to test different water jet flows and to understand
their interaction with rock. The set-up of numerical model, definition of test matrix for virtual
testing the different water jet configurations and numerical analyses able to predict the erosion
process of water jet considering two types of rocks were determined.

The objective of these analyses was to set up a numerical model able to “capture” the erosion
mechanism of the water jet and the influence of the water jet velocity (or pressure) on the
different types of rock, characterised by an e elastic material model with implemented a strain-
failure criterion.

Two types of rock were considered: material having a Young’s modulus of 30 GPa and another
material of elastic modulus of 70 GPa. Different speeds of water jets were considered, ranging from
400 m/s to 1000 m/s.

Conclusions:
Comprehensive analysis of cutting process as well as testing the different intensity of water jet
streams used in rock cutting were finished. Deliverable 2.4 was achieved.

1.3. WORKPACKAGE 3: DESIGN OF PROTOTYPE INSTRUMENTATION AND
COMMUNICATIONS SYSTEM FOR MEASURING BIOMETRIC
AND ATMOSFERIC PARAMETERS

1.3.1. Results obtained of task 3.1: Development of biometric sensing and
communication subsystems (CSRG, GAUK)

GAUK'’s collaboration with CSRG and DMT reinforced the requirement for monitoring the heat stress
of individual mines rescue members as well as stated in Deliverables 1.4 and 1.5, the temperature,
humidity and air flow as the most effective measure of currently employed worker for
determination of the maximum operational or exposure time of rescuers. DMT worked on
development of three-sensor device, which should be compatible with the Bluetooth wireless
system of the m-Comm system. The biometric sensing and communication subsystems were
developed by GAUK based on DMT’s three sensor device for biometric monitoring and CSRG
requirement for potentially different combinations of digital and analogue recording dependant on
the number and type gas monitoring devices may be used. To this end, the wireless module
interface was successfully developed with analogue and digital interface options for this purpose.
In addition, GAUK demonstrated the combined voice and temperature and humidity monitoring
system as an alternative. The temperature, humidity and possible others parameters will be
essential in the wider field tests of the m-Comm system, particularly, in providing real display data
at the ‘fresh air’ base.

Conclusions:

The biometric parameters and other sensors identified in Task 1.4 were interfaced with the m-Comm
wireless module in a way that allowed for adaptability and be within the possibility of ATEX
certification. To this end, the wireless module interface was successfully developed with analogue
and digital interface options for this purpose.

1.3.2. Results obtained of task 3.2: Design of m-Comm data transfer and
capture system (GAUK, DMT, Geocontrol)

The necessary electronic hardware and firmware were designed for initial data interfacing, data
transmission, data capture and data storage. The work was broken down into 6 stages related to
the different parts of the m-Comm system which required re-designing. This task was successfully
completed. It was concluded that the successful completion of this design stage was partially
related to the fact that this task ran alongside developing the production components. Where
necessary the designs were modified to take into account unforeseen problems.
Conclusions:
The design of the m-Comm data transfer and capture system was successfully completed and
documented in Deliverable 3.2. It provides the following functions:

* Biometric transponder data interfacing and initial processing to minimise data transmission
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requirements

« Data transmission through the m-Comm system to fresh air base unit

« Data capture at fresh air base, storage and post processing for generation of an appropriate
graphic display, warnings and alarms

« Data management for storage and archiving of measured parameters

1.3.3. Results obtained of task 3.3: Development of the measurement-system
for environmental parameters (DMT)

DMT decided to develop the electronic system in two steps. At first, for quick and simple evaluation
of practical handling as well as essential functions, the electronic-boards (PCBs) were developed
and manufactured. This procedure gave the possibility to test the hitherto considered software
intensively.

To meet the requirements of the ATEX directives, a 63 mA fuse was placed at the entry of power
circuit, while further pre-resistors in the power-intensive elements underline the necessary
considerations for secure ATEX-M1 applications in hazardous underground mining areas.

Conclusions: All electronic hardware of CMD unit was developed and constructed and all
necessary software for the acquisition and transmission of measured data was realized. Also, the
initial assumptions regarding the housing of the CMD unit was verified to make the housing more
functional and handy.

1.3.4. Results obtained of task 3.4: Extension of virtual simulations of rescue
actions by communication, measuring and data transfer systems
(Geocontrol, GAUK, DMT)

After analyzing the most likely scenarios related with the INREQ project, in which accidents may occur, several
rescue process were simulated taking a real mine as the simulation model. The simulation program, STEPs, was
specially designed to simulate the movement of people both in normal conditions and during an evacuation in
buildings, shopping centres, underground stations and tunnels. The default calculation bases of STEPS are taken
from NFPA 130: Standard for Fixed Guideway Transit and Passenger Rail, but modifications on passengers’
behaviour can be made during evacuation process.

STEPS allows creating a very precise 3D model from the scenario, where the evacuation takes
place, besides the occupational load and the evacuation parameters.

Conclusions:

The various phases of the emergency situation, from the initial moment, where the miners are
trapped on the front, until they reach emergency services was prepared.

By introducing the necessary time to announce alarm, alert the emergency services, arrival of
rescue and all temporary dependent factors, it is possible to analyze rescue actions in different
mines and simulate the theoretical time required.

1.4. WORKPACKAGE 4: MANUFACTURING OF PROTOTYPE EQUIPMENT FOR THE
SYSTEM

1.4.1. Results obtained of task 4.1: Manufacturing of prototype
and experimental equipment (KOMAG, AITEMIN, ICOP)

AITEMIN has analyzed the I/O needs of the control system, which required the prior identification
of all the inputs and outputs of the existing uTBM, both digital and analogue, from the supplied
information. The results of this analysis showed that the current control system uses 211 I/0 lines:
90 digital inputs, 103 digital outputs and 18 analogue inputs

The proposed structure for the control system was prepared by AITEMIN basing on already certified
hardware: FAR-V20 1A, MP40-RTU Ex and UCR-AV.

After AITEMIN’s withdrawal from the project, KOMAG took over development of the control panel.
(this additional KOMAG's work was finalized within the task 5.2)

KOMAG focused on manufacturing the prototypes. The prototypes were manufactured by external
companies, which offered most advantageous conditions. The rescue support was manufactured by
Herkules Company. The conveyor was manufactured by Artech in Rybnik. Elmech Kazeten
Company from CzeladZz was responsible for manufacture of air conditioner. The components of
UDWR-1 experimental device for cutting the rocks were manufactured by Elektron company in
Radzionkdw. The components of control panel was manufactured by Gabrypol company.

The water jet assisted cutting head demonstrator was manufactured by ICOP. The demonstrator
had a fixed table (on which the rock block is positioned), rotating cutter head with two water jet
nozzles and the hydraulic circuit of the unit and hydraulic pistons used to push the rotating system
of cutters against the rock.
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Conclusions:

KOMAG completed the production stage of the rescue prototypes. In the result of testing, minor
changes were still possible within the next step. ICOP finished the demonstrator of the cutting head
with water jet assistance and prepared it for the planned tests. Deliverables 4.1, 4.2 and 4.3 were
completed.

1.4.2. Results obtained of task 4.2: Manufacture of prototype components
of the system for data transfer and rescuer biometric measurement
(GAUK)

A prototype m-Comm data communications system was successfully manufactured. The work was
broken down into 6 stages and individually each stages’ component’s were tested to ensure that
the system would be operational as a whole.

Conclusions:
The prototype components were been successfully developed and manufactured in T4.2, and
described in Deliverable 4.4. Laboratory’s tests of the system are described in T 5.1.

1.4.3. Results obtained of task 4.3 : Manufacture of prototype instrumentation
for measuring mine atmosphere and system for data transfer (DMT,
GAUK)

In the result of suggestions in T3.3, DMT had to reworked the first prototype of CMD in T4.3. The
most significant change to the housing geometry was necessary with regard to the chosen
anemometer, which should be integrated with the housing protecting against ingress of dust and
against mechanical damages. To use the air-speed sensor, a telescopic system was used to
increase the measurement accuracy. For quick and reproducible measurement of temperature and
humidity, a more battery-sparing fan was selected. This fan offers the possibility to measure its
rotational speed that can then be used to control this speed by software.

Conclusions:

DMT designed, developed and manufactured two different prototypes of CMD in two successive
steps. While the first one was built for all necessary testing the next one included the changes
resulted from testing the first one. Exchange of information and discussions with GAUK concerning
the transfer of measured climate parameters via "m-Comm” was converted into the concrete
software.

1.5. WORKPACKAGE 5: TESTING OF SYSTEM COMPONENTS IN THE
LABORATORY AND IN SITU TESTS

1.5.1. Results obtained of task 5.1 Laboratory tests of data monitoring and
transfer system (GAUK, DMT, CSRG)

Laboratory tests were undertaken without the DMT device and proved that the whole system was
working together including the display of transmitted data within the developed software. It was
concluded that the whole system’s functionality was associated with the design and manufacture
process, breaking this down into individual design and test stages. Further laboratory testing then
took place with the DMT device. These were successful following consideration of physical issues
voltage level, conversion, aerial location and link indicator, LED, location. These include: improve
through data rates, conduct more sensor input tests, further development on base unit data output
interfaces, refinements on the current data display screen for the ‘fresh air’ PC. Next to the tests
during the development work, DMT has developed a useful calibration test for the selected
anemometer. Such (quality managing) adjustment procedures are a prerequisite for a precise
monitoring of the measured climate parameters.

Conclusions:

The laboratory tests of m-Comm system with the DMT device were successful following
consideration of physical issues voltage level, conversion, aerial location and link indicator, LED,
location. The task was completed and the deliverable 5.1 was prepared.

1.5.2. Results obtained of task 5.2: Laboratory tests of prototypes of rescue
devices and experimental devices (KOMAG, CSRG, AITEMIN, ICOP)

The conveyor with platform, roadway support, fan section of air conditioner and device for cutting
the rock were initially tested at test stands in KOMAG. Representatives of CSRG were invited for
the tests to be acquainted with the devices before sending them for tests to CSRG.

Laboratory tests with a simplified prototype of the Control System were initiated by AITEMIN.
Unfortunately, AITEMIN withdrawn from the project at the end of 2014. Coordinator applied for
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extending the time for project realization by 3 months and the Commission agreed for it. This
allowed KOMAG for continuation the AITEMIN’s work regarding the control panel. Within this task,
KOMAG developed the control panel instead of AITEMIN and conducted the tests of it with positive
results.

Conclusions:
The rescue devices (i.e. conveyer, support and air conditioner) were tested in KOMAG and the
results of tests were positive. ICOP tested positively the demonstrator. The work on the final
control panel was completed by KOMAG after AITEMIN’s withdrawal. The deliverable 5.2 was
completed.

1.5.3. Results obtained of task 5.3: Field tests of prototype rescue devices
(KOMAG, AITEMIN, ICOP, CSRG)

The experimental UDWR-1 device for rock cutting was tested in the working of Krélowa Luiza mine.
Tearing of rock solid started after suspension and fixation of bolt in RCH-606 single-acting cylinder
of UDWR-1 device. The bolt was fixed after making the borehole and its insertion to the borehole.
Fixation of bolts was possible due to the drifter drill equipped with a proper wrench (recommended
by the manufacturer of bolts) fixed in the drill handle. Every time, after fixing the bolt the process
of tearing the rock solid out was realized. During the tests, the bolts were fixed at different depth
and the measurements were recorded.

Four hydraulic legs (two SHR-700 legs and two SHR-960 legs), three roof beams and two
stabilization systems were used for testing the roadway support. The tests were realized in the
training working at CSRG in Bytom.

The conveyor with platform was tested in training room at CSRG. The need for making the
corrections in conveyor turntable was indicated. The corrections were made within WP6.

ICOP performed the field test at its premises. Aim of the tests was to check how assistance of
water jet supports rock-cutting process. Two blocks one made of granite and second made of
concrete were prepared for testing.

Conclusions:
Rescue support, conveyer and experimental device for low energy rock cutting were tested by
KOMAG and CSRG. Some modifications regarding conveyor and experimental device were
recommended. ICOP performed the tests using two types of rock blocks. The results confirmed
greater effectiveness of the cutting method with water jet support. The deliverable 5.3 was
completed.

1.5.4. Results obtained of task 5.4: Field tests of prototype of rescue devices
and communication system in mine training workings (CSRG, KOMAG,
GAUK, DMT)

The field trials allowed further assessment of the system as a whole in order to determine any
further improvements and refinements that were necessary or desirable before the end of the
project. The field trials demonstrated that two separate data recording wireless links were able to
successfully record and send information back to the base unit and portable PC. One of main
requirements regarding the Mk 3 m-Comm system was that the voice function should not be
affected in any way; for obvious safety reasons voice traffic must be available when commanded.
This was repeatedly tested and no loss of voice connection was witnessed.

Conclusions:

Usefulness of the devices developed by KOMAG was confirmed. GAUK’s m-Comm and DMT’s CMD
were also positively tested by the rescuers. These field trials allowed further assessment of the
system in order to specify any further improvements..

1.6. WORKPACKAGE 6: APLICATIONS FOR CERTIFICATION AND APPROVAL FOR
USE IN UNDERGROUND COAL MINES

Task 6.1: Intrinsic safety approval of the electronic sub-systems (GAUK, DMT, KOMAG)

Partners carried out the tests for conformity of each component to the requirements of the relevant
Directives that are in force. GAUK prepared the ATEX and IECEx application to conform to the
specifications of the UK ATEX and IECEx directives against which they were to be evaluated. This
included the preparation of detailed drawings of the modified circuitry.

Conclusions:

KOMAG finished preparations for rescue equipment and control panel.

DMT- finished all preparations regarding its CMD unit. GAUK -prepared the ATEX and IECEx
application to conform to the specifications of the UK ATEX and IECEx directives against which they
were to be evaluated. The deliverable 6.1 as report was completed.
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Task 6.2: ATEX, IECEx and mining company approvals of components (KOMAG, GAUK, DMT)

KOMAG positively certified three rescue devices and components of control system for cutting
machine of principle of operation similar to pTBM.

DMT completed certification of CMD device.

GAUK planned to submit the ATEX and IECEx application to the relevant body in the UK which is
SIRA Certification Service based in Chester. However, this was not possible within the timeframe of
the project as preparation of the application was lengthy due to the complex nature of the changes
and the will to make sure that the application was successful at the first attempt and in part slowed
by the sale of GAUK instrumentation department to Trolex Ltd. Trolex Ltd. Now it is planned to
submit the application as soon as practicable

Conclusions:

KOMAG obtained the ATEX certificates for rescue conveyor, support, air conditioner and control
panel. DMT obtained ATEX certification for its CMD unit. These documents approve using these
devices in mines during rescue actions. It was not possible to submit GAUK device for ATEX and
IECEx certification within the timeframe of the project. Deliverables D6.2, D6.3 and D6.4 were
completed

1.7. USEFULNESS, CONCLUSIONS AND POSSIBLE APPLICATIONS AND PATENTS

Rescue conveyor and rescue support designed by KOMAG within the INREQ project are lighter than
such devices used so far by rescuers besides they have better technical parameters and new
functionalities. Rescuers found the auxiliary platform moving along the conveyors route as very
useful speeding up development of rescue tunnel in debris area. Movable air-conditioner, which
was fully approved by rescuers, is a newly designed device. These devices are ready to be used by
rescuers during rescue actions. These devices can also be used for training the rescuers. While the
experimental device for development of tunnels in solid rock was not positively verified despite the
first success. KOMAG still works on this technology and it is the subject of patent application
submitted in the Patent Office.

MK3 m-Comm communication system developed by GAUK is useful and requires certification before
using it in mine underground. CMD developed by DMT can be used as the independent device as
well as it can be used together with MK3 m-Comm.

Demonstrator developed by ICOP was used in very helpful and important tests on hydro-cutting
technology. This technology can be useful in yTBM devices. KOMAG is ready for collaboration and
offers the control panel, which has the required certificates for using it in a potentially explosive
atmosphere
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2. SCIENTIC AND TECHNICAL DESCRIPTION OF THE RESULTS
2.1. OBJECTIVES OF THE PROJECT

The INREQ project was aimed at achieving a comprehensive improvement in rescue team safety,
work comfort and effectiveness. The project research methodology was involved the research,
development and significant enhancement of selected rescue equipment, and providing a remote
real time hazard monitoring capacity for individual biometrical parameters of rescuers together
with key climatic parameters in the workings where rescue action was carried out. The
development of the following dedicated rescue equipment was planned in the project:

a lightweight rescue conveyor complete with a shuttle palette transport arrangement,
= a lightweight support to aid the driving of rescue tunnels,

a lightweight air conditioning system to supply cooled air to the rescuers’ workplace,
= arescue tunnelling device based on hydro cutting technology,

a rock fragmentation experimental device with low specific energy requirement,

The development of methods for monitoring physiological and local climatic parameters was
addressed the following project objectives:

providing personal biometric data from the forward rescue team,
= reducing risks of thermal strain, and
measuring environmental conditions in the forward rescue team’s working area.

Within the above physiological and climatic range of the project, two electronic devices were
planned to be realized in close cooperation by GAUK and DMT.

2.2. DESCRIPTION OF ACTIVITIES AND DISCUSSION

This part of the Report presents the activity on each of the developed devices sequentially and
virtual simulation that had helped in the development of devices with an indication of progress
within the WPs and tasks. The order of the presentation is as follows:
= a lightweight rescue conveyor complete with a shuttle palette transport arrangement,
= a lightweight support to aid the driving of rescue tunnels,
a lightweight air conditioning system to supply cooled air to the rescuers’ workplace,
a rescue tunnelling demonstrator based on hydro cutting technology,
= arock fragmentation experimental device with low specific energy requirement,
= a communication system
= CMD unit

2.2.1. Lightweight rescue conveyor complete with a shuttle transportation
platform

The work on this equipment was realized within the workpackages and tasks of the Technical
Annex, presented in the section 1 “Final Summary”. The related tasks are as follows:

Tasks 1.1, 1.2 of WP1

Task 2.2 of WP2

Task 4.1 of WP4

Task 5.3 of WP5

Task 6.2 of WP6

Task 1.1 Determination of assumptions for prototype and experimental rescue equipment

CSRG in cooperation with KOMAG has defined the parameters and requirements for the light rescue
conveyer with a mobile shuttle transport pallet:
- conveyor’s length — minimum 30 running metres;
- conveyor’s trough should have the following dimensions: length - 1000 mm and 500 mm,
width = 350 mm
- one-thread leading chain 14 mm
- a possibility of transport platform movement in two directions (in the case of technical
difficulties a one-direction movement has been taken into consideration), the platform is
among others designed to transport troughs, parts of rescue support, tools;
- troughs joined by means of wedges or quick connects, enabling a change of direction by 5°
on each trough;
- it has been initially established that the medium to supply the conveyor will be a hydraulic
drive; as the project advances, an electric drive will also be taken into consideration;
- the output depend on the conveyor’s length and the type of drive applied;
- in order to simplify the conveyor’s installation, the marking of the bottom and top of
particular troughs has been taken into consideration;
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- the whole route of the conveyor will be extended by minimum 3 troughs (3 running
metres);
Specialists from KOMAG have developed special, effective technology for extension of the conveyor
by 3 m for every step of extension, during development of rescue tunnel with use of shuttle
platform to transport indispensable equipment - support legs, canopies, troughs and chain. The
technology was briefly presented in the first Annual Report

Task 1.2 Initial 3D modelling of equipment

According to the assumptions developed in T1.1, modelling the conveyor in Inventor software
programme was performed to get useful tools for development of technical documentations. Before
that, important structural components were verified by the FEM method. Models of each conveyor
subassembly enables among others carrying out FEM analyses, virtual assembly of conveyor
components, simulation of shuttle platform travel and relative movement of the route components.
FEM analyses of conveyor trough were made by Geocontrol and KOMAG (Fig.1).

Fig.1: FEM analyses of the platform and the trough (conveyor pan) — by Geocontrol

The model of the conveyer and it’s shuttle platform is shown in Fig.2. Shuttle platform is driven by
flight chain. It is universal and it can transport support’s legs, canopies, conveyor extension three
troughs as well as it can be used to move rescuer or injured person in a horizontal position. Fig.3.
presents 3D models of the conveyors drive, return end and the chain with the scraper.

Fig.2: 3D model of the rescue conveyer with the shuttle platform and the new version of trough (by
KOMAG)

Fig.3: 3D model of the conveyer drive (on the left) and return (middle)
and the scraper with chain (on the right)
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Task 2.1 Design studies of equipment prototypes

Troughs of the conveyor were checked regarding the possibility to bend both in vertical and
horizontal plane to allow the driven rescue tunnel to pass by the obstacles that is why generally the
conveyor route is not rectilinear (Fig.4., 5.)
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Fig.5: Range of possible deflection of troughs in horizontal plane

Trough version with magnetic lock of adhesion force 40N showed in Fig.6. was developed.
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Fig.6: Troughs with magnetic lock of 40N force

In a result of consultations with CSRG specialists, it was turned out that shuttle platform requires
the emergency device, which would stop the platform by the travelling rescuer at any place on the
track. In this situation a solution, which would enable to stop the platform at any place,
independently from the operating chain, was searched. It was necessary to develop articulated
coupler of the platform instead of the previous fixed one. The platform (Fig.7.) was equipped with
handles helping the rescuers to keep balance on the platform.
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Fig.7: New design of auxiliary platform with articulated coupler

The principle of operation of articulated coupler is explained in Fig.8. (on the left). The coupler is
kept in its operational position (vertical position) by a short rack. The rack is blocked on both sides.

Fig.8: Principle of operations of the platform coupler and rescuer’s position on the platform

When the rescuer has to use the platform to travel, he takes a lying position (on the right) and put
hands on handles. The rescuer should always move with his head directed towards the travel
direction to observe the route ahead. In the case of any danger he should release the blockade to
stop the platform.

Task 2.2: Development of documentation of the rescue equipment

CSRG played an advisory role in this Task. Technical documentation No. W20.270 of the rescue
conveyor was developed by KOMAG. The documentation was made in CAD software programme. A
lot of attention was paid to the connections of troughs, and the protection of connecting links was
changed many times upon the request of CSRG. In the result of testing, the second version of
quick-connections was developed in 2013. It was found that the force of link adhesion is still
inefficient. Due to this a compromise solution of protection for the connecting link was developed.
Articulated arm, pivotally installed to the lower part of trough profile and maintained by magnet in
the upper part, was used. Due to design solution and frontal adhesion of metal sheet of arm to the
magnet, the force protecting the connecting link at present is five times higher than it was in the
previous solution. In the result of consultation on auxiliary shuttle platform, CSRG specialists
indicated the necessity to equip the platform with handles and belts for load fixation - the method
for stabilization of loads with use of belts fixed to the handles is presented in Fig. 9. In the Fig.10.
drive of the conveyor and return end are shown.
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Fig.9: Analysis of the conditions of stability platform when troughs
are loaded on top of each other.

Fig.10: Detailed drawings of the drive (right) and the return end (left) of the conveyer

WP4: manufacturing of prototype equipment for the system
Task 4.1 Manufacturing of prototype and experimental equipment

Within the task KOMAG manufactured the prototype of the rescue conveyor and its shuttle
platform. It was very important to deliver the first conveyor troughs to CSRG to test them.
According to the assumptions, at first three conveyor troughs were manufactured according
to a given design solution, so that the rescuers could test them and make comments. In the result
of the comments some corrections were made in the documentation and the next three troughs
were manufactured to be tested. Comparison strength tests were carried out on the press prior
to delivery of the troughs to CSRG. New design solution of troughs turned out to be more resistant
to loads, and at the same time it is lighter. Fig.11. shows the comparative tests of the troughs.

Fig.11: Comparison strength tests of the new through (left side) and former trough (right side)
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The conveyor was manufactured by Artech company in Rybnik. The basic components of the
conveyor are presented in Fig.12 and Fig.13.

Fig.13: The shuttle platform of the conveyor

Task 5.3 Field tests of prototype rescue devices

The conveyor with platform was tested in training room at CSRG - Fig.14. The need for making the

corrections in conveyor turntable was indicated. The corrections were planned to be made within
WP6.

Fig. 14: Tests of the conveyor and its shuttle platform at CSRG
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Task 6.2 ATEX, IECEx and mining company approvals of components

All documents necessary to obtain the certificate were developed within WP6. The manual is one of
them and its first page is presented in Fig.15. The certificate of conformity No. TEST/20/CZ/2015
which authorizes the conveyor for operation in mine undergrounds in rooms threatened by
explosion hazard, was issued in a result of certification of this conveyor carried out by the TEST

Company.
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Fig.15: Title page of the conveyor manual and certificate of the conveyor issued by TEST
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2.2.2. Rescue support

The work on this equipment was realized within the workpackages and tasks of the Technical
Annex, presented in the section 1 “Final Summary”. The related tasks are as follows:

Task 1.1 of WP1

Task 2.2 of WP2

Task 4.1 of WP4

Task 5.3 of WP5

Tasks 6.1, 6.2 of WP6

Task 1.1 Determination of assumptions for prototype and experimental rescue equipment

Guidelines regarding the roof bar beam load in calculations and in the process of certification
testing was defined. The roof bar supported on both sides will be loaded by three forces of the total
value of these forces results from the bearing capacity of props and reaches 600 kN.

Protection of roof to ensure the possibly highest safety of rescuers and injured people is the main
task of rescue tunnel support. Design of the rescue support meets the following requirements:
« steel canopy and hydraulic legs are of high strength,
« low weight enables manual assembly in difficult conditions,
+ the leg has its own hydraulic system, to adjust its height to the needs, as well as it can be
used as individual spacing equipment.

Guidelines regarding the canopy load in calculations and in the process of certification testing were
defined. The canopy will be loaded in three points. The total value of the forces results from the
load-bearing capacity of legs and reaches 600 kN.

Task 1.2 Initial 3D modelling of equipment

In the result of realization of the task 1.2 , the concept of the hydraulic legs with internal pump
was developed - Fig.16.

Fig.16: 3D model of rescue support (on the left) and its hydraulic legs (on the right)

Task 2.2: Development of documentation of the rescue equipment

In the result of realization of the task, the design of the hydraulic legs with internal pump was
developed. Modification of the overflow valve of the legs was realized - showed on Fig.17.
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Fig.17: Modification of the overflow valve (left) and modified prop of the leg
— the right prop is the final

Overflow valves, which limit increase of working medium - oil - in the case of static and dynamic
load, are installed in the leg’s piston. In the case of dynamic load, stream of oil flowing through
overflow valves fills the space between leg’s main piston and piston of first stage internal pump.
Due to small volume between the abovementioned pistons, the piston of first stage internal pump
can be damaged. To avoid this, additional overflow channels going through the piston of internal
pump were installed, so the oil will be transported directly to the oil tank.

When analyzing the volume of oil required for setting the SHR-700 leg to maximal height,
it appeared that free volume inside the prop is not enough and it was necessary to add another
tank to the design. Geometrical models of leg prop before and after modification, are given
in Fig.17.

Design studies of two types of hydraulic legs were made. Fig.18. shows technical parameters of the
hydraulic leg SHR-700 and Fig.19. the hydraulic leg SHR 960.

Technical characteristics of SHR-700 hydraulic leg

Parameter Value Unit
Minimal length 700 mm
Maximal length 1000 mm
Initial bearing capacity 150 kN
Rated bearing capacity 300 kN
Hydraulic pitch 300 mm
Weight 30.0 kg

Fig. 18: Technical parameters of the hydraulic legs type SHR-700
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Technical characteristics of SHR-960 hydraulic leg

Parameter Value Unit
Minimal length 960 mm
Maximal length 1300 mm
Initial bearing capacity 150 kN
Rated bearing capacity 300 kN
Hydraulic pitch 340 mm
Weight 35.0 kg

Fig.19: Technical parameters of the hydraulic legs type SHR-960

In Fig.20. geometric model of telescope consisting of external pipe - body (1), connectors (2, 3)
and pins (5) blocking the connectors is shown. Telescopic structure enables meeting the
subdivision length of neighbouring frames of rescue support, required by the project assumptions.

Fig. 20: Geometric model of stabilizer telescope

In the case of design studies the support protecting passages through voids, the canopy beams
should be additionally secured. Transverse stabilization of canopy beam is ensured by properly
profiled shape of lower metal sheet of canopy adapted to the shape of leg top.

Task 4.1 Manufacturing of prototype and experimental equipment

The prototype was manufactured by Herkules, the external company, who offered most favourable

conditions. Fig. 21 presents two hydraulic legs and the canopy creating so called single doorposts
of the rescue support.
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Fig.21. Hydraulic legs and canopy made by Herkules company

Task 5.3: Field tests of prototype rescue devices

Four hydraulic legs (two SHR-700 legs and two SHR-960 legs), three roof beams and two
stabilization systems were used for testing the roadway support. The tests were realized in the
training working at CSRG in Bytom. Frame installed in training working is presented in Fig. 22.

Fig. 22: Field tests of HOR-01 roadway support

Task 6.1: Intrinsic safety approval of the electronic sub-systems

Tests of rescue support were ordered. Stand tests of SHR-700 and SHR-960 hydraulic legs were
carried out in the Technical Laboratory in Opava, Czech Republic (Fig.23 and 24 according to the

requirements of the PN-G-15536:2013 Standard “Mine individual support - centrally supplied
hydraulic legs”.
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Fig.23: Static stand tests of the leg

i e

Fig. 24: Dynamic stand tests of the leg

Instructions for use of devices of rescue support, conveyor with platform and air conditioner were
prepared within T6.1. In the result of the tests carried out at CSRG (T5.4) it appeared that some
changes in sub-system of conveyor drive were required.
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Task 6.2: ATEX, IECEx and mining company approvals of components

KOMAG has positively completed certification process for the rescue support - Fig. 25.
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2.2.3. Air conditioner

The work on air conditioner was realized within the workpackages and tasks of the Technical
Annex, presented in the section 1 “Final Summary”. The related tasks are as follows:

Tasks 1.1, 1.2 of WP1

Task 2.2 of WP2

Task 4.1 of WP4

Task 5.3 of WP5

Task 6.2 of WP6

Task 1.1 Determination of assumptions for prototype and experimental rescue equipment

CSRG in cooperation with KOMAG has defined the parameters and requirements for the air
conditioner as follows:
Lightweight air-conditioner for improving the work conditions:
- type of ventilation - forced ventilation,
- nominal diameter of the fan: 400 mm,
- internal diameter of the air-duct supplying the air to a rescue excavation: 120 mm,
external diameter ca 140 mm (thickness of offered walls - ca 10 mm),
- output up to 30 m3/min,
- a possibility of connecting flexible air-ducts having a diameter of 120 mm or air-ducts
having larger diameters — by means of appropriate connector pipes and reducers,
- reduction of air temperature by minimum 5°,
- mass of all assemblies: up to 40 kg (can be carried by 2 people),
- cooling power: ca 3 kW,
- fan power: 0.5-1.1 kW (depending on the planned panel length) ,
- power supply from a 500-V electric network (or 400V, 230V - depending on the electric
motor applied)

Task 1.2 Initial 3D modelling of equipment

General virtual model of the lightweight air conditioning system was developed (Fig.26.). The air
conditioning system will supply cooled air (18-20 °C) transported at high velocity by a flexible
plastic ventube of a diameter less than 200 mm. All the components of the unit will be easy for
transportation because of their modular structure. The system will consist of a cooling unit with the
compressor and condenser, ventube fan, cooler with vaporiser and flexible plastic ventube of the
diameter 200 mm. However, we consider using the ventube of smaller diameter of about 120 mm
due to small cross-section of the rescue tunnel. So far, the flow was calculated as well as the basic
technical data of the unit have been determined and preliminary thermodynamics of the cooling
process was calculated.

Cooling unit with
compressor and
condenser

Flexible plastic
ventube

@400/ <@200

ooler with
vaporiser

Ventube fan @400

Fig. 26: 3D model of air conditioner

Task 2.2: Development of documentation of the rescue equipment

According to the developed documentation No. W66.090 the device consists of WR-320 rescue fan
with CP-320 air cooler and cooling unit. It has a form of modules connected by flanges or by
flexible ventube sections. Final analysis of geometry of fan flow system was made, thepg/75



curvature of blades of fan rotor was determined on the basis of this analysis and diameters of the
system and rotor rim were selected. Fan diameter was reduced from 400 mm to 320 mm in
relation to the initial assumptions, what improves its transportation and reduces its weight.
Thermal and thermodynamic calculations, which enable specifying the parameters of conversion of
cooling agent in the system: cooling unit - air cooler, were made. Heat exchange in the cooler was
calculated, what enabled to determine the size of pipes in the cooler. It was found that the surface
of heat exchange provided by the pipes is enough for effective cooling the air stream and thus the
idea of equipping the pipes with radiators was given up. Such solution will have a positive impact
on hydraulics of the system, not generating excessive flow resistance.

It was also decided that the components of cooling unit will not be installed on the common
carrying frame, what will enable their easier transportation, i.e. they will be transported separately,
not as one big system of total weight of about 50 kg.

The air will be transported to the rescue working by flexible pipeline of diameter 120 mm, but
behind the system, the ventube will change its diameter from 320 mm (diameter of each flow
module) to 120 mm at the length of 600 mm.

The analyses decided about the design of the entire system. The components are shown on Fig.27

@320

250

n x 5000

260

Fig. 27: Design of the main components of the air conditioner (1 -fan, 2 —cooler 3 -Flange of
elastic hose, 4 —elastic hose , 5 -compressor , 6 —condenser, 7 —expansion valve 8 — elastic tubes)

Task 4.1 Manufacturing of prototype and experimental equipment

Elmech Kazeten company from Czeladz was responsible for manufacture of air conditioner. Sub-
system of air conditioner fan was manufactured in 2014 (Fig.28.). T4.1 was finished in 2015 after
completion of cooling section of air conditioner.

Fig. 28: Fan section (right) and complete of air conditioner manufactured by EImech Kazeten (left)
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Task 5.2: Laboratory tests of prototypes of rescue devices and experimental devices

Representatives of CSRG were invited for the tests to be acquainted with the devices before

sending them for tests at CSRG. The tests of air conditioner carried out in the KOMAG's laboratory
is presented in Fig.29.

Fig.29: Testing the efficiency of air conditioner blower when air is supplied by ventube
of diameter 120 mm

Task 6.2: ATEX, IECEx and mining company approvals of components (KOMAG, GAUK, DMT)
KOMAG has positively completed certification process for the air conditioner- Fig. 30.
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Fig.30: Technical manual of air conditioner and the certificate for conformity of air conditioner
which confirms that product is classified for group I category M2
according to 94/9/WE Directive (ATEX)
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2.2.4. Rock fragmentation experimental device with low specific energy
requirement

Technology for mining the solid rocks through destroying the rock mass cohesion, used among
others in development of rescue tunnels, was considered by KOMAG. The simple, effective
technology for mining the rocks of relatively low energy consumption, is the aim of suggested
method. The work on that method and the dedicated UDWR-1 device was realized within the
workpackages and tasks of the Technical Annex, presented in the section 1 “Final Summary”. The
related tasks are as follows:

Task 1.1 of WP1

Task 2.2 of WP2

Task 4.1 of WP4

Task 5.3 of WP5

Task 1.1 Determination of assumptions for prototype and experimental rescue equipment

Technology for mining the compact rocks through destroying the rock mass cohesion, used
among others in development of rescue tunnels, was considered in task. The simple, effective
technology for mining the rocks of uniaxial compression strength exceeding 100 MPa and of
relatively low energy consumption, is the aim of suggested method. The technology for rock mass
mining according to the suggested solution consists in drilling the boreholes in the face of working,
to which expanding bolts are inserted (Fig.31). After wedging the expanding bolts in the boreholes,
the bolts are pulled out, tearing out the fragments of rock mass.

Expanding balt
Tripod )
Spring

Drill Cylinder

( —'—Ff}— =t -G\ \\ ———— : .'

J ;

Manual
pump

Loosenead
rock

Fig. 31. Method for mining by tearing out rock blocks by expanding bolts

Expanding bolts with protruding end connected to the end of cylinder piston are inserted to
the boreholes. The cylinder is installed on a tripod, which rests upon the rock around the borehole,
outside the planned rock loosening zone. Feeding the oil to the under-piston compartment of the
cylinder causes increase of stress to the rock and then tearing off rock fragments. The process
repetition leads to working drivage. Replacing the tripod with a traverse, which can be connected
to the cylinder by a string (e.g. chain of enough strength), is one of the versions of this technology.

Task 2.2: Development of documentation of the rescue equipment

Design work was continued on the basis of the results of tests that were carried out in
Krélowa Luiza mine in Zabrze. Proper depth of bolting was calculated. In the testing conditions, the
best advantage was obtained at bolting depth of about 190 mm.

The bolts are designed to be manually inserted in the hole by tightening the nut. Tightening
the nut causes expansion of jaws on the conical surface at the end of bolt core. It was suggested to
use a hub equipped with longitudinal ball bearing during tightening the nut to decrease the friction
resistance. Undertaken tests and strength calculations enabled to develop a new design of bolts
showed in Fig.32.

W19.054 documentation of experimental device for cutting the rocks with use of low energy
technology of was developed. The documentation was made in CAD programme.
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PSS

Fig.32. New design of bolt with expansion end
a) with bearing for compensating the resistance of tightened nut
b) without compensation of resistance of tightened nut

Task 4.1: Manufacturing of prototype and experimental equipment

The components of UDWR-1 experimental device for drivage of rocks were manufactured
by Elektron company in Radzionkéw. The components of device are presented in Fig.33. There are
the following components of UDWR-1 device: bearing support, manual hydraulic pump, safety
tripod, bolts drilling machine, support for drilling machine, drills.

Fig.33. Components of UDWR-1 device (left) and the prototype of the bolt K-260 (right)

Task 5.3: Field tests of prototype rescue devices

The device was tested in the working of Krélowa Luiza mine. TM-7 Protekt safety stand was
used to suspend the UDWR-1 device and to determine its axis in relation to axis of bolt screwed in
rock solid. Tearing of rock solid was started after suspension and fixation of bolt in RCH-606 single-
acting cylinder of UDWR-1 device (Fig. 5.3-1).

The cylinder piston was moved and the bolt was torn with use of P-80 manual pump
manufactured by ENERPAC.

The tests indicated that it is necessary to make changes in the prototype of UDWR-1 device.
The structure of tripod support was strengthened, what enabled carrying out the next tests of
usefulness of UDWR-1 device for tearing the rock solid. HDA-P bolts were used in the next tests.
These bolts automatically extend the diameter of hole bottom during their fixation. It was
necessary to drill the hole to fix the bolt. TE 70-ATC/AVR drilling machine manufactured by Hilti
was used to drill the holes. The bolt was fixed after making the borehole and its insertion to the
borehole. Fixation of bolts was possible due to the above mentioned drifter drill equipped with
proper wrench (recommended by the manufacturer of bolts) fixed in the drill handle (Fig.34.).
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Fig.34. Drilling the holes and fixing the HDA-P bolts

After fixing the bolt its end was fixed in UDWR-1 device and process of tearing the rock solid
was started (Fig.35.).

Fig.35. Detaching the rock solid with use of HDA-P bolt

Tests of drivage of rock with use of HDA-P bolts showed that it is possible to tear the rock
solid in a form of more or less regular cones. Sample rock cone that was torn is presented in Fig.
30 on the right side. Working available for testing, its infrastructure and work carried out by mine
employees simultaneously to the tests enabled to carry out ten or so tests of rock tearing. During
the tests the bolts were fixed at different depth and the measurements were recorded.
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2.2.5. Rescue tunnelling demonstrator based on hydro cutting technology
and the control panel

As the planned for manufacturing by ICOP the water-jet assisted tunnel-boring machine was not
realized, the demonstrator to simulate the machine operation was developed and realized instead
of. The control system, dedicated for previously planned machine was realized by AITEMIN and
after their withdrawal finished by KOMAG.

The work on the demonstrator ad the control system was realized within the workpackages and
tasks of the Technical Annex, presented in the section 1 “Final Summary”. The related tasks are as
follows:

Task 1.1, 1.5 of WP1

Task 2.1, 2.2, 2.4 of WP2

Task 4.1 of WP4

Task 5.3 of WP5

Task 6.2 of WP6

Task 1.1 Determination of assumptions for prototype and experimental rescue equipment:

CSRG, KOMAG and Geocontrol played the advisory and consultative role for AITEMIN and ICOP,

which jointly develop the concept for a microtunelling device for cutting the rocks by hydro cutting

method. The following assumptions were developed for such device:

1. Due to the difficulty of drilling a tunnel in rock falls area (collapsed areas), it's considered
that the best option will be starting a new excavation in sound (healthy) rock next to the
collapsed zone, i.e. at the distance of 2-5 m, that is, the device should be used only for
tunnel drivage in a solid rock not in roof fall debris.

2. This implies the necessity of excavation curves (bends). Hence, this device should provide

such operation.

The rock cutting device should cut even the hardest rocks found in mines

By the rescuers opinion the tunnel drivage rate should be at least 0.25 m/h

The cross-section should provide room for the movement of the rescuer with full equipment

(breathing apparatus) and for transporting transport injured miners. Currently such rescue

excavations are made in section 1.0m x 1.0m, but now the target is that the driven tunnel

should have cross-section of maximum dimensions of 1.3m width x1.4m height

Cutter head should be of such size to enable its use in such space

Water and mined rock must be absolutely removed to allow further cutting

Necessity of using support for drilled excavation had to be considered.

Lightweight flight-bar (armoured) conveyor, which is under development in KOMAG can be

used to remove debris, but water will not be removed by this conveyor.

10. Facility for transporting the material to end and from the end of working face (rescue
excavation).

11. Facility for ventilating the excavation.

12. Facilities for removing the excavation device from the working face after drilling rescue
excavation.

After considering the above, it was decided by the partners that the most appropriate solution will

be implementing a micro-tunnelling device.

uAw

LN

ICOP’s activities focused on the analysis of technological opportunities related to micro-tunnelling.

The following considerations were taken into account when considering applying the water assisted

cutting technology from soft-medium rock to hard rock:

. Hard rock cutters use different head tools and configurations

. The use of water jets on industrial scale has not been found yet, only in papers and a few
patent publications.

. The use of water jets is sometimes used for removing powder and dust while cutting

. Due to the cutting potential of water at high pressure, careful installation of water nozzles is
necessary

. No parts of the machine have to be in direct contact with the water jets

. Access to the cutting head has to be guaranteed in order to supply water

Task 1.5 Preliminary work bench for hydro-cutting technologies

AITEMIN and ICOP activities were focussed on the analysis of technological opportunities related
to micro-tunnelling via hydro-jetting.

The cutting system will be composed of hydro cutters, running at high pressure and placed at the
front of the machine. Because the measurements to assess the performances of the new system
in real working conditions could be difficult and expensive, a preliminary work bench will be
developed to analyze the behaviour of the hydro-cutting technologies according to the rock and
coal strength in mine rescue conditions. An approach based on Design of Experiment (DoE) for
performing the tests will be applied. Existing workbenches were reviewed.

32/75



ICOP analysis gave the following information:

- there is a high demand for non-destructive techniques such as mechanized construction of
tunnels;

- present TBM is too expensive and have low advance rates. Innovation in this area is
however of paramount importance and one of the most promising new technologies is the
water jet cutting;

- studies on the use of water-jet for tunneling purpose, i.e. rock excavation, indicates that
high power waterjet, instead of high pressure waterjet is more adequate for excavating
rocks;

- tests have shown that the mechanism of crack growth can be more easily reached by
increasing the fluid flow at a given pressure rather than by increasing the pressure at a
constant flow. This was illustrated by data from an experiment in which both flow rate and
pressure were varied in cutting coal. As the pressure increased the specific energy of
cutting only decreased slightly. In contrast, where the power was increased by enlarging
the jet, the volume removed increased more than equivalently, with a larger drop in
specific energy;

- other experimental results revealed that the conventional high pressure waterjet (with
pressures up to 420 MPa and a working rate up to 30 kW) for cutting purposes have a very
limited cutting depth (about 15 cm); hence it cannot be used for tunneling purposes, in
which a cutting depth of few meters is desired. Therefore, the waterjet with somewhat
lower pressure (about 150 MPa), but much larger working power (more than 300 kW) used
for hydro-demolition, has to be considered for tunneling purposes;

- in particular the combined usage of high power waterjet and abrasive waterjet shows
versatile applicability in rock excavation, which can be adopted in tunneling engineering
and slope engineering;

Finally, it was decided that the test bench would be based on the lathe concept. As its main
objective is testing the efficiency of the hydro-cutting technology on different types of rocks, the
nozzles do not need to be rotating. Instead, a rotating base holding a rock block will simulate the
motion of the cutters relative to the rock. The waterjet nozzles will be fixed on the side of the
cutters, simplifying the construction and operation of the test bench. A rotating high-pressure
water distribution system will be implemented later on into the demonstrator device. The executive
design of the final test bench concept has been completed.

Task 2.1: Design studies of equipment prototypes

Accurate description of the work phases during tunnelling operations was provided by ICOP,
in particular concerning the approach to tunnelling operations performed via uTBM.

Based on initial output from the consortium, a novel rescue approach scheme proposed by ICOP
has been adopted after approval by all partners. The resulting preliminary concept of the waterjet-
assisted uTBM concept is shown in Fig 36.

UTBM Body

* Front, Rear and Right view

Fig.36: Preliminary concept and 3D model of the waterjet-assisted micro-tunnelling device 33175



The main component of the control system of the rescue tunnelling machine was selected: the
ATEX-certified, M1 category, single-board MP-40 computer that will be used to monitor and control
the state of the different elements of the machine.

Task 2.2: Development of documentation of the rescue equipment

ICOP prepared technical documentation of the hydro cutting demonstrator — Fig.37.
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Fig. 37: Technical drawing of the hydro-cutting demonstrator - main drawing

Task 2.4: Results and assessment of the workbench for hydro-cutting prototype

The numerical analyses were performed combining the SPH and FEA. This allows to study the
interaction of high-velocity water jet impacting the rock. The water jet was modelled by SPH
particles and the rock was modelled by finite elements. The hybrid-code of SPH and FEA was
conducted to simulate the penetration process, and the computational result gave the relationship
between the water jet velocity, exposure time and the depth of cut. The example of the test carried
out using the material of Young’s modulus E = 70 GPa with a water jet velocity of 700 m/s
(adequate to the pressure of 245 MPa) is shown in the Fig. 38

Ii-dl"ll-!- I o . LE-2 V0 b

t =50 ps; max depth = 0.6 mm t =100 ps, max depth =1 mm

Fig. 38: Example of the results of the numerical anallyses of water jet impacting the rock

The objective of these analyses was to set up a numerical model able to understand the erosion
mechanism of the water jet and the influence of the water jet velocity (or pressure) on the
different types of rock, characterised by an e elastic material model with implemented a strain-
failure criterion
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Task 4.1: Manufacturing of prototype and experimental equipment

The proposed structure of the control system of the cutting machine prepared by AITEMIN is shown
in Fig.39. Hardware used was certified: FAR-V20 1A, MP40-RTU Ex and UCR-AV. Optionally,
DIGICOM can be connected for fixed voice transmission.

R5485 link to surface / control point

FAP-v20
14

=
[==¢

O 2000
P40-RTU

N OET ___@

|

Ul eyEp g

ul Sojeue g I::)

e Sojeus _

NG EUTIR PRILOS] t J—

-
|‘“

4 Serialfieldbus link {Veice + Emergency Stop + Bus RELIA AY, RS485 + Power)

DG ICOM L

UTR-£

FEEE

>

4In=4 Out

1

DIECOM N

UCR-A
?i FI5I5IE
4in=4 Out 4ln+4 Out

200m max

Fig.39: Structure of a control system for underground cutting machine
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Figure 40shows the proposed configuration of the new Control System for the pTBM, which is split
between the machine room and the control desk located at the control cabin.
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Fig.40: Proposed configuration of the new control system, split between the two rooms

of the Main Distribution Container: the machine room and the control cabin.

In a result of AITEMIN’s withdrawal from the project, KOMAG took over their work. Development of
control panel was continued while ICOP made the complete demonstrator for testing — showed on

Fig. 41.
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Fig. 41: Demonstrator made by ICOP

The water jet assisted cutting head demonstrator is characterized by:
« a fixed table on which the rock block is positioned;
« a rotating system able to recreate the pu-TBM (micro Tunnel Boring Machine) cutter head
with fixed two double-cutters and the water jet nozzles;
« an hydraulic circuit to supply water to the nozzles installed on the rotating system;
» hydraulic pistons used to push the rotating system of the cutters against the rock.

KOMAG designed and manufactured system for control of rock machine boring. The system was
tested on a stand simulating the drivage process. System for simulation of tunnel boring machine

control is presented in Fig.42. The system consists of the stand of operator and simulator of the
boring machine.

Fig. 42: System for simulation of boring machine control
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The following modules are installed on a desk of the stand of operator of tunnel boring machine

(Fig.43)

PO-1 - Operator’s Panel. It is used for presentation of data of the control system. PO-1
panel is equipped with fibre optic interface, which task is to communicate with computers
installed beyond area threatened by methane and/or coal dust explosion hazard. During
the tests, the fibre optic interface will be used for communication with the virtual model of
rock boring machine.

MIS-1 - Module of Intelligent Controller. It is used for presentation of data of the control
system

KS-1/20 - Control Cassette. KS-1/20 control cassette includes control buttons, signalling
lights and setters indispensable for manual control of machine.

Components of the simulator of rock boring machine are shown in Fig. 43.

The sim

Fig. 43: Components of the simulator system of rock boring machine

ulator consists of the following components:
Visualization programme simulating the rock-boring machine (PC with monitor).
Module of INK-2D inclinometer installed on a adjustable table.
Desk with setters simulating the sensors installed in a head of cutting machine. The setters
are connected to the MWW-1 module (Inputs-Outputs Module), which enables to send
analogue data of setters through CAN bus to PO-1 and MIS-1 modules. The following
setters are installed on the desk:
- 4-20 mA (simulating the pressure sensors in a hydraulic system, flow sensors and
sensors of position with output current 4-20 mA).
- 0-10V (simulating the pressure sensors in a hydraulic system, flow sensors and sensors
of position wit output voltage 0-10V).
- Strain gauge converter (simulating the sensors of strain of the components of rock
boring machine).
- PT100 thermometric resistor (simulating the temperature sensors).

The modules (MWW-1, MIS-1 and PO-1) are connected with each other through CAN bus.
Presented modules installed on the stands were also connected to numerical model of the machine
by fibre optic, which connected PO-1 panel with a computer with a programme for simulation
of machine operation. Data were transferred between the programme and panel with use of
standard TCP/IP protocol.

PO-1 operator’s panel, selected for using in the system for control of rock boring machine, is the
intrinsically safe device dedicated for machines operating in areas threatened by explosion of
methane and/or coal dust. The device equipped with 7" screen enables displaying information
about the selected parameters and visualization of the controlled processes PO-1 Panel is a device

for use

in industrial automatics system adapted for operation in a potentially explosive atmosphere

of methane and/or coal dust. Operators panel consists of LCD colour displayer of resolution
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800x480, two-position inputs and outputs, analogue inputs as well as CAN, ETHERNET digital
interfaces and USB. Panel is adapted for creation of redundant control system with use of CAN bus.
It is realized by two independent, galvanically isolated CAN interfaces. PO-1 panels (two items)
together with KS-1 assembly (Fig.44.) play a role of master controller in the machine’s control
system and they are installed on the operator’s stand.

0t? B

Fig.44: PO-1 operator’s panel (left) and KS-1 controlling assembly (right)

KS-1 assembly is equipped with buttons, signalling lamps and emergency switch, which enable
controlling the machine.

Graphics indispensable for the operator’'s panel was made using the software for creation and
processing the raster graphics - GIMP 2.8. Each of graphics elements were designed for screen
resolution 800 x 480 pixels. Internal format of recording the graphical files of GIMP - XCF
programme was used to make edition of developed projects possible. Format XCF does not use
compression and keeps all markings, layers, channels and paths, which were used.
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Fig.45: Sample of graphics designed for PO-1 operator’s panel

The following types of elements were designed for graphical presentation in PO-1 panel the
operation of controlling assemblies (Fig.45):

commands buttons,
two-position buttons on/off,
temperature indicators,
circular indicators,

progress bars,

signalling elements.

The designed graphical elements were used in programming the PO-1 panel. Detailed selection
of each element was realized at the stage of implementation of programme’s code.

Communication with the cutter head’s control system wasrealized though an optical fibre cable.
Communication uses the standard ETHERNET protocols.
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